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　　　　　　　　　　　　　　　　　　　　　1. Introduction.
　When one is caught in ａ rain without carrying an umbrella, one, instinctivelv.
usually runs as fast as one can. Will it ever be the best way to be out of the rain in
the shortest possible time ？　This is ａ popular but an interesting problem. The present
article is ａ mathematical study of the problem. as follows. A simple case of falling
rain will be examined　first　and　then　be extended to ａ general 3･dimensional　case.
containing an example｡
　　　　　　　　　　　　　　　　　　　　　2. Simple Case.
　We shall begin with considering elementarily ａ very simple case of the problem ；i. 6?｡,.
solving the following　question : "When the rate at which the raindrops fall vertically･
　（lnwindless state) is 7z droplets per unit area per unit time throughout the space
considered, a cube having each edge 01 unit　length moves with ａ uniform　speed り，
keeping one of its faces horizontal　and　the other　at　right　angle　to　its　path. Ｈｏｗ･
much will　the cube be wet　with rain ?”
　Let　l/ be ａ mean terminal velocity of droplets（ａＳａ terminal velocity of a droplet
depends on its size, so their mean　sizes‘ are determined　by　Ｆ　reversely, assumed)。
then the wetness of the cube per unit time CFig. l.a) is
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and the number of raindrops hitting the cube during its motion along the distance /，is
??????
(ａ)
ｌ
＞
ひ　　Ｖ
　　　　（ｂ）Ｖ
Fig. 1
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　We shall next turn to the following case :　on the above question .ａmean velocity of
droplets, besides the vertical component as ａ terminal velocity, has further its definite
component ･in　the　direction　along　which　ａ　cube　moves (in　1-dimensional wind).
２
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■ｅt　the　horizontal　component　of　l/　be　lバ, and　the vertical　component　be　l/″
respectively. Then the wetness of the cube per unit time (Fig. l.b) is
レ白(乖トに(帯)
where　ｱ2 is　the　rate at　which　the　raindrops　hit ａ cube parallel to
defined　as to　be　positive in　the same direction as V. Therefore
raindrops hitting the cube during its motion along the distance /，is
where
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respectively｡
　　　　　　　　　　　　　　　　　　　　　3. General　Case.
　Let us now consider ａ more general case of the problem. So we assume that ａ body
having convex　surface moves　translationally with ａ velocity ？， and can　always take
to　accord　the direction of　７　with　that　of十χ in　the　coordinate SｙStｅｍ（Ｏ－ｘｙｚ）
without　spoiling　the generality of the problem. Moreover,　the　motion of　raindrops
exists independently with that of the body, assumed ；ｊ，e.,if it"is permitted to regard
wholly ａ motion of　group of droplets as ａ　fluid　motion, in this　case we may　accept
the　assumption under which　this　motion　is never disturbed by that of the body.
　Then consider ａ mean　number of　droplets 7z at any point ？ (x, y, z) in the space
considerd, passing with ａ mean velocity l/ through that point. V should be generally
represented by V (.r, y, z ; 0 as ａ function of postion and time and also　regarded as
depending on the size of raindrop ( V引l/に). Hereupon let l/ be ａ vector sum of the
terminal　velocity　l/ｏdepending on the size of droplet and the 3-dimensional mean wind
velocity as ａ vector. Put the number of droplets passing through an infinitesimal area
ｄＳ,which is situated perpendicular to ドａt戸, in the time-interval from Ｚto Z十冶tｏ
be ｎｄＳ･ｄにSimilar】ｙthis 77 should be generally represented by ｌ（ちｙ，ｚリ）ａＳ ａ
vector function of position and time and its direction is in accordance with that of Ｆ
Ｏ帽w I). If, forａ rate at which the raindrops pass. we prefer the mass to the number
ｐ右ｒunit area oer unit time, as such ａ mass rate we should make the product formed
by mean mass of droplets (whose mean size depends on レババ‰に) reversely, assumed)
multiplied by mean number of droplets n' per unit area per unit　time. We, however.
intend to regard mass of droplet as ａ function of n as the abovementioned, to represent
ａ mass rate bｙぶ＝ぞ（ズ, y, z, t; Ko) and at the same time to consider only the case
of　‰=･const.hereaiter. Thus it may be possible to consider that the space considered
in　which ａ group ・of　raindrops　moves　is　equivalent　to ａ vector　field　described by ａ
mean　velocity of droplets　1/　and　their　mass rate n .
　Therefore take ａ unit vector 了in the direction of inside-normal on　an　infinitesimal
area dS considered on surface of ａ body and let ７ have its components. ･ΓθS乙　ど?∂Sμ，
:andＣＯＳＶ（o≦λ，μ，ｙ≦π), respectively, in the ｘ－， J･－， 2― axes.　Similarly 1/ and ｉ
have their components. V;., lノタ, and l/２’此d %=-!'fn. ny゜n. and n.゜‾ﾄﾞ″’
respectively in the same ３ axes. If ｙ makes ａｎ･angle zﾇ（Ｏ≦∂≦こ）ｗitｈ 'li, thereiore
つ　　　　　ｉ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　・　　　　　　　乙j
ド･then the ｐｌ‘oiectiveareas of dS upon the yz- ，zx― ，and 万一planes ｄＳＸ・ｄＳｙ・ａｎｄ
-dS,, are given by
　　　　　　　　ｄＳｘ=ｄＳＣＯＳλ･ｄＳｙ°ｄＳｃｏｓμ・and ciS,= ｄＳｃｏｓＶ，
respectively, wheｒｅ ｄＳｉ{i = x,y,z) takes positive or negative sign　according　to values
･of恥μ, and 。. And the number of raindrops hitting dS in unit time is
　　　　　　　　j･idｓＣＯＳ.'i?･＝ＭｘｄＳ。十ＨｙｄＳｙ'
　Now the rainfall that beats against the body　moving with ａ velocity Ij in the time-
interval from Ｚto Z十dt, is given by???????
flｙｄ Ｓχ十 ﾄﾞ゛
Sy
zｄＳ,〕ぶ
where Sj ii = x, y, z) represents the proiective area of the body upon the Ｊz一，ｚｘ一，
and xy― planes,, respectively, and dSi indicates the integration to be carried out with
respect to Ｓｉ.Let an　infinitesimal　distance along which the body moves in the　time-
interval from　Ｚto Z十ぷbe dx, then the rainfall　beating　against the body at　interval
-ofどフズ,may be written as
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Since both the equations (2) and (3) have the same form, by dividing
　　(3)
レ, into l/||
the component in the direction of ｉ ，and ｖ・, the component perpendicular to V , the
equation (3) may be rewritten as
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where S＼＼and Ｓ⊥indicate　the　projective areas of the body viewed by an　observer in
the direction of l/１１and Ｆ・, respectively, and n＼＼ａｎｄが・in ａ similar manner the mass
rate　components　in the same ２ diretions. So the　integration　must be performed with
respect to those,, thus dSw and dS
I
also have the same meaning as those of the above
ｄＳ:.I
　In this way the rainfall that beats against a body moving along the distance between
X and　ズ十心　is　given　by　the　equation (3) or (3勺, the body　having　convex　surface
translationally moves with ａ velocity ｊ in the rain which is described ｂｙ･ａmean velocity
of droplets I/ and their mass ･rate 刄．　　　　　　　　　　　　　　　　　　　　　　　　ダ
　And　let　us　try　to　arrange　Ｚ/　so　as　to　minimize　the　above　rainfall. Here on the
equation (3'), if Vx does not depend on　position （もV, z), but is a　function of only
time, t:　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，.　　　　　　　　　　’
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l／χ＝レχ(Z)，
then it becomes
where
???????? ??
(4)
(5)
　　　　　　　M11 °j ”IｘｄＳII　　and　　Ｍ上゛j”よ∂Ｓよ
　　　　　　　　　　S11　　　　　　　　　　　　　　　S・∧
indicate the rainfalls per unit time with which the front surface of ａ body. if it stands-
still, is　wet in the direction of motion and　the　lateral　surface　wet in　the　direction
perpendicular to it. respectively. We have ３ cases in order to minimize the equation
C5) under the condition : zﾉ≧ｌ／χ＞０．　　　　　　，
　　i) When Mii>A/. , the lowest minimumﾔﾔ・み。ccurs at v~り；
　八i）ｗ･ｈｅｎル1＼＼<M・, the loｗｅst畿L･ｄχ at
j°
゜゜;and　　ｙ　　j
　iii) whenタII＝ルij., the lowest失･ｄｘ.ｏｒ笑゜｡ﾀﾞj゛’is the same　at　anywhere in.
the region where zﾉ≧レχ＞0.　　　　　　　　　　　　　　　，
　Besides the above the equation (5) is divided into ,2 cases ’c゛onsidered：　　　，
　iv) V,≧ｗ>0, and
　v) Vχ and V have opposite signs, including the case l/χgoes to ･zero；も ぞ?･，Ｆχ≦0.
These are both　trivial.　Because iv) if Vj:≧f>0, assuming that ドχ holds the equation.
C4), the minimum
Ａな･心iS
the same at z,＝レχin spite of M＼＼^M,」Land v) if　ドχ≦0。
　　　　　　　　　　　　ドズ
the minimum
〔∫?t＼＼dS＼＼〕・dx
occurs atｒ=ｘ･, independently of the equation (4)｡
　　　　　　　　　　Si＼　　　　　　　　　　　　　　　　　　　　＼
　　　　　　　　　　　　　　　　　　　　　4. Summary.
　The above results may be concluded as follows:　　　し
　When ａ body moves translationally with ａ speed むin the rai-nthat is described by
ａ mean　velocity of droplets　レ　and their　mass rate　ｎ，　ａt　what　value of the speed
V is it possible to minimize the rainfall with which ａ body is wet ？
　Against this question, the rainfall with whic!:i -the body is wet　is given by the-
equation (3) or (30 firstand ■thenfor minimum　wetness　per unit　time. putting that
M＼＼and Ml indicate the rainfalls per unit time with which the front surface ofａ body,
if it stands still.is wet in the direction of motion　and　the　lateral　surface wet in　the･
direction　perpendicular to　it,respectively,
　　i）ifMII＞Ｍ,　,the body should move at ａ speed equal ito mean velocity component
of droplets in the direction of its motion ；
　ii) if M＼＼<封上, the body should move as fast as possible； and
　･iii)if M＼＼=M⊥, the body should move at any speed equal t6 0ｒgreater than ｍｅａｎ_
゛When V> (/■r>0 and　ｙｚ≦0, the front surface of ａ body is wet with rain； when v<Vx,
　the rear surface is wet.
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velocity　component of　droplets in the　direction of its　motion, where in　these ３ cases
mean velocity component of droplets in the direction along which ａｂｏ(!ｙmoves, Vx
holds the condition : レｘ°り口).
　iv) If the body is moving either against theヽrain or in vertical rain, it should move
as fast as possible for minimum wetness.
?、?
M,,=･n,,s.･ 。nd　Mi=R.S,. ,
whereひ=coast.･, y=cロ几肩.9　　・
　　　　　　　　　　　　　ａ心　Ｒ=ｃｏａｓt
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Fig. 2. Relation between wetness of a boby during
　the motion along unit distance・ Ｍ ３゛dvelocity
　at which the body moves, zﾉ．
　These cases can　easily be seen in　Fig 2. Here, however, the following　conditions
are taken for simplicity :　　　　　　　　　　　　　　　　　　　‘　　　　　　　　　　　　　　　　　・
　　　　　　　　　　　　　　　　－
　　　　　　　　≫'=const., K = const., and 71 = const.,
hence, it follows that
　　　　　　　　双11°
∫n＼＼
dS＼＼°ふIS1/　and　ML°J ns. dS」'゜″」'Ｓ」"
　　　　　　　　　　　　S11　　　　　　　　　　　　　　　　　　S上
respectively. Let the rainfall with which ａ body is wet during the motion　along unit
distance, beル/, then
　　　　　　　　や涜寸陽よ今●
　　　　　　　　　　　　　　　　　　　　　　　　5.　Postscript.
　Though the above　results　were　brought to ａ conclusion　towards　the end of　1949,
０ｎ account　of　the　living for recuperation which he had　been　obliged to make since
that time the author has had no chance for publication up, to the present｡
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　CD
■　　　　　　　●　　C2)
While during the recuperation he was informed　of that J . Ｗ . Rizika　of M. I.T.
in　u. S . A. had independently studied　the same problem as the　author's. Recently
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the　author had　chance　to read　his paper and has come to believe that the author's
point　of　view　itself　includes　his　and　that the　treatment　taken　here is not only
different from, but　also　more　general　than　that　by Rizika.,　　　　　　　　　Ｉ
　In conclusion. it can be noted that the present▽articlewas suggested by conversation
exchanged among Prof.　J. Yamazaki, Asst. Profers. N. Imanishi and Ｚ. Mokudai.
and the author, in order to discuss　the entrance　examination　questions on　departure
of this university as the reformed in those days.
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